Background. Problems related to food security in Russian Arctic (dietary imbalance, predominance of carbohydrates, shortage of milk products, vegetables and fruits, deficit of vitamins and microelements, chemical, infectious and parasitic food contamination) have been defined in the literature. But no standard protocol of food security assessment has been used in the majority of studies. Objectives. Our aim was to obtain food security indicators, identified within an Arctic collaboration, for selected regions of the Russian Arctic, Siberia and the Far East, and to compare food safety in these territories. Study design and methods. In 18 regions of the Russian Arctic, Siberia and the Far East, the following indicators of food security were analyzed: food costs, food consumption, and chemical and biological food contamination for the period 2000Á2011. Results. Food costs in the regions are high, comprising 23Á43% of household income. Only 4 out of 10 food groups (fish products, cereals, sugar, plant oil) are consumed in sufficient amounts. The consumption of milk products, eggs, vegetables, potatoes, fruits (and berries) is severely low in a majority of the selected regions. There are high levels of biological contamination of food in many regions. The biological and chemical contamination situation is alarming, especially in Chukotka. Only 7 food pollutants are under regular control; among pesticides, only DDT. Evenki AO and Magadan Oblast have reached peak values in food contaminants compared with other regions. Mercury in local fish has not been analyzed in the majority of the regions. In 3 regions, no monitoring of DDT occurs. Aflatoxins have not been analyzed in 5 regions. Nitrates had the highest percentage in excess of the hygienic threshold in all regions. Excesses of other pollutants in different regions were episodic and as a rule not high. Conclusion. Improvement of the food supply and food accessibility in the regions of the Russian Arctic, Siberia and the Far East is of utmost importance. Both quantitative and qualitative control of chemical and biological contaminants in food is insufficient and demands radical enhancement aimed at improving food security.
prioritized project within the Arctic Council, indicators of food security have been identified recently in a collaboration between the Sustainable Development Work Group/ Arctic Human Health Expert Group (SDWG/AHHEG) and the Arctic Monitoring and Assessment Programme (AMAP) Human Health Assessment Group (4) .
In Russia, several problems related to food security in the Arctic have been identified previously. Among the general population, the polar tension syndrome 1 has been observed (5) , as have problems regarding a shift of macronutrients in the diet towards carbohydrates (an abundance of sugar, confectioneries, bread, pasta, cereals), shortages of milk, milk products, vegetables and fruits, and, therefore, a lack of almost all types of vitamins, mineral nutrients (particularly calcium, phosphorus, magnesium, potassium, iodine, zinc, fluorine, etc.), and contamination of food (mainly local) by pesticides, metals, antibiotics, nitrates and biological agents (6) .
Dietary imbalances and malnutrition have been ascertained in Murmansk city (7) , Arkhangelsk city (8) , Yamalo-Nenets AO (9) , Krasnoyarsk Kraj (10) , Yakutia (Sakha) Republic (11) , Primorsky Kraj (12, 13) and Khabarovsk Kraj (14) . A general lack of vitamins and mineral nutrients in the diet has been recorded in Komi Republic (15) , Yamalo-Nenets AO (16, 17) , Yakutia/ Sakha Republic (18) and Magadan Oblast (19) . A deficit of selenium in the diet was noted in Khanty-Mansi AO (20) , Magadan Oblast, Sakhalin Oblast, Kamchatka Kraj, Khabarovsk Kraj (21) and Yakytia (22) . A deficit of iodine in the diet was noted in Arkhangelsk Oblast (23, 24) , Krasnoyarsk Kraj (25) , Yakutia, Sakhalin Oblast, Kamchatka Kraj, Khabarovsk Kraj (26, 27) and Primorsky Kraj (28) .
Microparasitic diseases of humans and animals (helminthiases) have been recorded generally in Russian Northern regions (29) ; parasite contamination of fish in Murmansk Oblast (30) , Yamalo-Nenets AO (31) , Yakutia (32) , Kamchatka (33) and Chukotka (34, 35) ; microbial contamination of fish in Primorsky Kraj (36) , microbial and chemical contamination of fish in Khabarovsk Kraj (37, 38) .
Contamination of food products (bread, vegetables, milk products) by metals (arsenic, lead, mercury and cadmium) was noted in Krasnoyarsk Kraj (10) .
As a part of the previously mentioned Arctic collaboration project on food security, a literature search based on Russian scientific peer-reviewed journals (mainly 2000Á2012) was performed. This literature search did not reveal unified indicators of food security for comparative assessment of selected Russian regions because the majority of studies diverged widely; no standard protocol of food security assessment had been used. As a rule, studies were narrowly aimed, small in scope, regionally self-contained, and focused on specific food problems in specific regions. In addition, some of the indicators readily available in statistical sources of Russia were not promoted in the international collaboration because of lack of comparable international data (4). Thus, it is an urgent task to present food security indicators from the northernmost regions of Russia in a country-specific report.
This study is the first complex comparative assessment of food security in the regions of the Russian Arctic, Siberia and the Far East using unified food security indicators collected from statistical sources.
Objectives
The general aim was to obtain food security indicators, identified within the international collaboration project on food security (4), for the selected regions of the Russian Arctic, Siberia and the Far East (for the period 2000Á2011), and to compare food safety in these territories.
Study design and methods
Eighteen regions of the Russian north, Siberia and the Far East ( Fig. 1) The first 2 types of regional documents became accessible for the public only in the mid-2000s, and they cover the first decade of the millennium. The Federal 1 A set of submolecular, molecular, cellular and systemic changes that occur in the human body when exposed to environmental Arctic factors which promote serious changes in requirements and allocation of energy and nutrients in the organism.
Automatic system was launched recently, and it is now developing; its quality is not good enough yet. Data on food, water, soil, air sample analyses (as well as cases of infectious and parasitic diseases) in all regions of the Russian Federation during the last years are accumulating in the system with the aim of further monitoring. This registry was formed on the basis of Federal Center of Hygiene and Epidemiology of Rospotrebnadzor Á Federal Service of Oversight on Protection of the Rights of Consumers and Human Well-Being (formerly the Sanitary-Epidemiological Surveillance Service); the registry has a restricted Website (special permission is needed to get access). Data are presented in an Excel format without systematization; its content has no description in documents or reports.
As for statistics on chemical contamination of local traditional food consumed by indigenous people, the information (on metals and organochlorines) is available only from the Russian Arctic PTS (persistent toxic substances) study of 2001Á2004 for 4 regions: Murmansk Oblast, Nenets AO, Taymyr AO and Chukotka AO (39, 40) . Nevertheless, some data on chemical contamination of locally produced food compared to imported food (from other Russian regions and from outside Russia) were collected from the Federal Automatic system ''Social-Hygienic Monitoring'' for each selected region.
The following available (in official statistics) indicators of food security have been analyzed in the selected regions: 
Results
Food costs as a proportion of household income [data from national and regional Statistical Yearbooks (41, 42) ] are presented in Fig. 2 . Generally, food costs in Russia are high Á they average 31.8% of household income. In the selected regions, the indices fluctuate from 23 to 43%. The highest values were reported from Karelia, Magadan Oblast and Chukotka; the lowest, from Nenents AO, Yamalo-Nenets AO and Khabarovsk Kraj. The recommended quantities of foods for consumption are determined in Russia by the federal document (43) elaborated by the Ministry of Health (Table I ). The actual consumption of 10 groups of products (as a percentage of recommended quantities) in the regions (40Á57) is presented in Table II .
Out of 10 groups of products, only 4 groups Á fish (and fish products), cereals (including grains, bread, macaroni, beans), sugar and plant oil Á are consumed in sufficient amounts by the population of the selected regions.
While on average the consumption in Russia of fish (and fish products) constitutes 83% of the recommended level, in a majority of the selected regions these values tend to rise to 100% and more, except for Chukotka. Cereal consumption is characterized by high quantities (87Á102%) with the exception of Karelia (51%). Sugar is consumed everywhere rather actively Á 93Á130%. Plant oil consumption is close to recommended quantities in all regions with the exception of Karelia (67%) and Chukotka (60%).
Meat consumption is very different in the regions; while Murmansk Oblast, Arkhangelsk Oblast and Primorsky Kraj are defined as areas with low meat consumption (B70%), the people of Yamalo-Nenets AO, Yakutia/ Sakha, Magadan Oblast, Chukotka, Kamchatka and Sakhalin are high meat consumers (95Á118%).
A very low consumption of milk (and milk products), eggs, vegetables, potatoes, fruits (and berries) is obvious in a majority of the selected regions. More than 80% of the recommended quantities of milk and milk products are consumed only in Karelia and Yakutia, while in Arkhangels Oblast, Magadan Oblast and Primorsky Kraj the consumption of this type of products constitutes less than 50% of the recommended quantities. Egg intake is less than 80% everywhere except Amur Oblast. Vegetable consumption is very low (B50%) in Yakutia, Chukotka and Amur Oblast.
Intake of fruits and berries is particularly alarming in the majority of the regions; only in Yamalo-Nenets AO is the consumption of these vitamin-supplying acid bacteria) Á the standard reflects the number of colony-forming units in 1 g (ml) of the product (CFU /g, ml); (f) In products with controlled levels of biotechnological microflora and probiotic products (fermentation microflora and probiotic microorganisms Á lactic acid bacteria, propionate bacteria, yeast, bifidobacteria, acidophilus bacteria, etc.). The standard reflects the number of colony-forming units in 1 g (ml) of the product (CFU/g, ml); The comparative percentages of all food samples in the selected regions which do not obey hygienic norms on biological and chemical food contamination based on regional sanitary-epidemiological reports (49, 50) are presented in Table III .
The highest levels of biological contamination of food (8Á15%) are registered in Arkhangelsk Oblast, Nenets AO, Khanty-Mansi AO, Sakha Republic, Magadan Oblast, Chukotka AO and Sakhalin Oblast. These levels are also higher than the average level in Russia (6%). Chemical contamination generally was about twice as low and did not fluctuate much (2Á7%) in most of regions except for high levels in Chukotka (13%) and low levels in Primorsky Kraj (0.5%). Thus, Chukotka food appears to be highest in terms of both biological and chemical contamination, although Nenets AO has a higher number of biological contaminants (Table III) .
Biological contamination of imported food (Table III) is less than all of the food (2.5Á9%), but chemical contamination of imported food is similar to that of all food, and in some regions even higher (again in Chukotka the level is almost 20% compared to 13% for all food). Because the Federal Automatic system ''Social-Hygienic Monitoring'' does not have information on biological food contaminants and other specified documents do not contain data on individual biological contaminants in food, evaluation of the structure of biological food contamination in the selected regions is not possible.
Chemical contaminants in food
Collection of data from the Federal Automatic System ''Social-Hygienic Monitoring'' is estimated at about 178,000 analyzed food samples from all selected regions during 2007Á2011. This database has enabled us to evaluate selected contaminants, which are controlled in the regions. The structure of chemical pollutants in this totality is presented in Fig. 3 .
Ninety-four percent of food samples have been analyzed on 7 pollutants: 4 metals (lead, cadmium, arsenic, mercury), 1 product of mineral fertilizers (nitrates), 1 pesticide (DDT) and 1 mycotoxin (aflatoxin). Among others (4%) are 17 pollutants: benzo(a)pyrene (0.18%), NDMA/NDEA (1.42%), histamine (0.11%), nitrites (0.01%); 4 mycotoxins: dezoxynilvalenol (0.74%), zearalenone (0.65%), patulin (0.08%) an T-2 toxin (0.56%); 
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6 metals: iron (0.01%), copper (0.19%), nickel (0.006%), tin (0.09%), zinc (0.16%) and chromium (0.002%); and 3 organochlorines: HCB (0.006%), HCH (0.06%) and PCB (0.06%). According to the main hygienic standard (46) , the control of many contaminants (e.g. dioxins) in food is pursued only in cases of ''reasonable assumptions about their possible presence in food.'' Thus, of the large number of potential food pollutants, only 7 are under real regular control; among pesticides, only DDT.
Tables IV and V present the numbers of food samples analyzed for all chemical pollutants and 7 separate main pollutants in each selected region averaged during a specified period, and the percentage of samples which exceeded the Russian hygienic threshold.
Total numbers of food samples analyzed in the selected regions (Table IV) are very different (from 90 to 11,000 average/year). Because of this, they have been adjusted to a standard of 10,000 samples to make these indices become more similar (from 10 to 55 per 10,000/year) with the exceptions of Evenki AO (292) and Magadan Oblast (156), which are the peaks in food contaminants laboratory control among the regions.
In looking at 7 main pollutants in food samples (Tables  IV and V) , we can state that nitrates, lead, cadmium and arsenic are assessed in all selected regions; mercury in local fish has not been analyzed in all regions except Khanty-Mansi AO, Yakytia and Sakhalin Oblast, while mercury is not under control at all in Evenki AO; DDT is out of control in Taymyr AO, Evenki AO and Chukotka. In the last regions and additionally in Nenets (Tables IV and V) , the nitrates dominate in all regions (from 1 to 14.4%); excesses of other pollutants in different regions are episodic and as a rule not high; aflatoxins reach 13% in Kamchatka; DDT reaches 9.2% (15.5% in local food) in Sakhalin; lead reaches 2.8% in Khanty-Mansi AO; cadmium reaches 1.8% in Komi; mercury reaches 1.7% in Yamalo-Nenets AO; and mercury in local fish reaches 9.3% in Yakutia.
In contrast to the knowledge about the chemical food contaminants data array, the Federal Automatic system ''Social-Hygienic Monitoring'' does not have any data on biological contaminants (specific contaminants) in the regions; therefore we could not evaluate the structure of biological contamination.
Conclusion
The topic of food security in the non-aboriginal population of the Russia Arctic, Siberia and the Far East has been presented previously to some extent in Russian peer-reviewed journals: dietary imbalance and malnutrition, the predominance of carbohydrates, the shortage of milk products, vegetables, and fruits, deficits of vitamins and mineral nutrients in the diet, the abundance of microparasites (helminths) in local fish, and the chemical and infectious contamination of food. Until now, however, no unified indicators of food security for comparative assessment of the selected regions have been described.
This study presents the first complex comparative assessment of food security in 18 selected regions using unified food security indicators collected from statistical sources. The following indicators of food security have been analyzed: food costs (as a proportion of household income, %), food consumption (10 groups of products as a percentage of recommended quantities), and chemical and biological contaminants in food.
Food costs in the regions are high Á from 23 to 43% of household income. Out of 10 groups of products, only 4 groups Á fish products, cereals, sugar and plant oil Á are consumed by the population of the selected regions in sufficient amounts. Meat consumption is very different, in some regions much lower than recommended quantities. There is a severely low consumption of milk products, eggs, vegetables, potatoes and fruits (and berries) in a majority of the selected regions. The deficit of fruits and berries is particularly alarming in a vast majority of the regions. 
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High levels of biological contamination of food (8Á15% of samples exceeded the hygienic threshold) are registered in many regions. Chemical contamination generally is about half of the levels of biological contamination and fluctuated less (2Á7%) in most regions. Chukotka food has appeared to be the worst in both biological and chemical contamination.
Ninety-four percent of food samples (all food in all regions) have been analyzed on 7 pollutants; 4 metals (lead, cadmium, arsenic and mercury), 1 product of mineral fertilizers (nitrates), 1 pesticide (DDT) and 1 mycotoxin (aflatoxin). Thus, of a high number of potential food pollutants, only 7 are under any real regular control, and among pesticides, only DDT is. According to the main Russian hygienic standard, the control of many contaminants (e.g. dioxins) in food is pursued only in cases of ''reasonable assumptions about their possible presence in food.'' Total numbers of food samples analyzed in the selected regions, adjusted to the numbers of the population, constituted from 10 to 55 samples per 10,000, where Evenki AO (292) and Magadan Oblast (156) are the ''leaders'' in food contaminant laboratory control among the regions.
Nitrates, lead, cadmium and arsenic were assessed in all selected regions; mercury in local fish has not been analyzed in a majority of regions; DDT was out of control in 3 regions; aflatoxins have not been analyzed in 5 regions. Nitrates had the highest percentage of excess of the hygienic threshold in all regions; excesses of other pollutants in different regions were episodic and as a rule not high.
Final conclusion: improvement of the food supply and food accessibility in the regions of the Russian Arctic, Siberia and the Far East is of great importance. Both quantitative and qualitative control of chemical and biological contaminants in food is insufficient and demands radical enhancement aimed at improvement of food security. International studies based on these Russian food security indicators are also warranted.
